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AHoTanis. Y cTaTTi 34ificHEHO aHami3 MDKHApOJHUX PHU3HUKIB MOCTAYaHHS, 32 pe3yjbTaTaMH
SKOro c(OPMOBAHO CHCTEMY IIOKa3HUKIB iX OI[IHIOBAaHHS Ta BH3HAYCHO BIAMOBIAHI CKJIAOBI.
BusHaueHHS IMX CKJIAJOBUX CTBOPIOE OCHOBY Ul CHCTEMaTH3alii BiAMOBIAHUX TOKAa3HHKIB 1
KOMIIJIEKCHOTO OL[IHIOBaHHSl PU3UKIB 3a JIOTIOMOrOI0 IHTErpajbHOTO IOKa3HUKa. BHOKpeMieHHs
CKJIaJIOBUX 1 TIOKA3HUKIB OI[IHIOBAHHS MDKHAPOJIHHUX PH3HKIB MOCTAa4YaHHs Jajo 3MOTy MoOymyBaTh
JIEpEBO PHU3HKIB, CTPYKTYpOBAHE 32 i€papXidYHUM npuHIUNOM. [lepimii piBeHb iepeBa npecTaBleHni
KJIIOYOBHUMHU  CKJIaJOBUMH MDKHApOOHMX DH3MKIB IIOCTa4aHHS, 30KpeMa, EKOHOMIUYHHMH,
OpraHi3aliiiHO-yNpaBIiHCHKHUMH, TEXHOJOTTYHUMH, JIOTICTHYHUMH, €KOJIOT1YHO-COLialbHUMHU Ta
30BHIIIHBOMIONITHYHUMHU. ExOHOMIUHA cKi1ajgoBa 3abe3nedyBatnMme (PiHAHCOBY CTIMKICTh TpOIECIB
MOCTaYaHHS, OpraHi3alliifHO-yIpaBIiHChKa — €(QEeKTHBHICTh VIPaBIiHHI Yepe3 B3aEMOJII0 3
NOCTa4aIbHUKAMH, TEXHOJOIIYHa — TMPOIECH NOCTa4aHHS 4Yepe3 TEXHOJIOTIYHE OCHAIICHHS,
aBTOMATH3AIIO 1 JIJHKHATATI3AI|I0, JIOTICTUYHA — BYACHICTL 1 HAMIMHICTL IIOCTABOK, E€KOJIOTIYHO-
colliaibHa —  BIJNOBIAHICTH  TOCTAYaHHS  MDKHAPOJHUM  CKOJIOTIYHUM  CTaHJapTaMm Ta
30BHILTHBOIIOMITUYHA — BIUIMB (DAaKTOPIiB 30BHINIHBOTO CEpeIOBUINA HA MPOLECH MocTadaHHs. pyruit
piBeHb c(OPMOBAHO y BUTJIANI CHCTEMH MOKA3HUKIB, SIKi JETaNi3yIOTh KOXHY 31 CKJIaJOBHX 1
3a0e3Meuyl0Th MOYKIIMBICTD 1X KUTBKICHOTO BUMipIOBaHHsS. Ha OCHOBI 3alpOIIOHOBAHOTO i€papXivHOTO
MiIX0Ay PO3pOOIEHO IHTErpadbHHUI MOKA3HHUK OI[IHIOBAaHHS MiXHAPOIHUX PHU3HKIB MOCTadaHHSI, IO
JIO3BOJISIE KOMIUIEKCHO OIlIHUTH iXHIM piBeHb 1 BpaxyBaTH BIUIMB Pi3HOCHPAMOBAaHUX (HaKTOPIB.
3amponoHOBaHUH MiAXiA CHOpUSE MiJBUIIECHHIO OOIPYHTOBAHOCTI YIMpPaBIIHCHKHX pillleHb Yy cdepi
MiXKHAPOIHOI JOTiCTHKM Ta MOCTaYaHHsA. VOro HMpakTHYHE 3aCTOCYBAHHS JO3BOJSE MiITPHEMCTBAM
CBOE€YACHO 1MeHTH(IKYBaTH KpPUTHYHI PH3WKH Ta MIiHIMI3yBaTH IXHIA BIUIMB Ha pe3yNbTaTH
misutbHOCTi. KpiM TOro, BHKOpUCTaHHS i1HTETPAILHOIO TOKa3HWKa 3abe3ledye MOXKIIHMBICTh
NOPIBHSUTBHOTO aHaNi3y PHU3WKIB y JUHAMIII Ta MDK DPI3HHMH MigNpHEMCTBaMH ab0 pPHHKAMHU.
OTtpuMaHi pe3ynbTaTi MOXKYTh OYTH BUKOPHCTaHI K OCHOBA /sl (GOpMYBaHHS CTpaATeTii yIpaBIiHHS
pU3MKaMH B yMOBaX II00aTi3allifHUX BUKITUKIB 1 HECTa01IBHOCTI 30BHIITHBOTO CEPEOBHIIIA.
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Abstract. The article analyzes international supply risks and proposes a system of indicators for
their assessment by identifying the key components that shape these risks. The identification of these
components provides a conceptual basis for the systematization of relevant indicators and enables a
comprehensive risk assessment using an integrated indicator. Furthermore, the identified components
and assessment indicators facilitated the development of a hierarchical risk tree. At the first level, the
risk tree comprises the principal components of international supply risks: economic, organizational
and managerial, technological, logistical, environmental and social, and geopolitical. The economic
component ensures the financial stability of supply processes; the organizational and managerial
component reflects the effectiveness of management through interaction with suppliers; the
technological component characterizes supply processes in terms of technological equipment,
automation, and digitalization; the logistical component determines the timeliness and reliability of
deliveries; the environmental and social component reflects compliance with international
environmental standards; and the geopolitical component captures the influence of external
environmental factors on supply processes. The second level is formed as a system of indicators that
detail each component and enable their quantitative measurement. Based on the proposed hierarchical
approach, an integral indicator for assessing international supply risks has been developed, allowing
for a comprehensive evaluation of their level and consideration of the impact of diverse factors. The
proposed approach contributes to improving the validity of managerial decision-making in the field of
international logistics and supply. Its practical application enables enterprises to timely identify critical
risks and minimize their impact on performance. In addition, the use of the integral indicator provides
opportunities for comparative analysis of risks over time and across different enterprises or markets.
The obtained results can serve as a basis for developing risk management strategies under conditions
of globalization challenges and environmental instability.

Keywords: economic, organizational and managerial, technological, logistical, environmental
and social, geopolitical components of international supply risks; risk tree; integral assessment
indicator.

Introduction. The international supply process is characterized by numerous risks

arising from the instability of the external environment, the challenges of globalization,
changing trade conditions, and the need to coordinate activities among multiple participants in
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global supply chains. To ensure the efficiency and reliability of assessing international supply
risks of enterprises under globalization challenges, it is advisable to identify key components
that reflect the nature of such assessment. The determination of these components creates a
basis for the systematization of relevant indicators and comprehensive risk assessment using
an integral indicator.

The findings reported by Lymar [1] provide a basis for identifying the following risks
within the international supply process: logistical, financial, environmental, social, transport,
operational, technical, reputational, and others. To ensure effective supply risk management,
the author proposed tools for their implementation and expected outcomes under the
imperatives of sustainable development.

Ruda M. [5] studies the circular supply chain, which is based on resource recovery and
reuse, with particular attention focused on the environmental and social components, the
quality of which determines the economic component of the supply chain.

The study by Shcherbyna V. [8] presents the environmental, economic, and social
components of logistics, on the basis of which the integral index of cold logistics efficiency is
calculated. Within the identified components, the author calculates the following indicators:
profitability of logistics operations, level of product losses, investment efficiency, level of
service quality, personnel qualification and injury rate, the coefficient of packaging reuse, and
fleet energy efficiency, among others. Thus, as a result of the performed calculations, five
levels of cold logistics efficiency were identified (low, medium, sufficient, high, and very
high). Their determination at enterprises makes it possible to assess the current level of
efficiency and identify the corresponding category.

The study by Aspeteg J. [9] demonstrates the resilience of the supply chain in the
defence industry, taking into account demand and supply risks (internal and external). Busse
C. [10] presents the types of risks in the supply chain and methods for their identification;
Jiang H. [11] emphasizes the need to establish risk management committees, as they
contribute to the efficiency of corporate investments. In turn, Yin H. [13] studied economic
risks through the theory of the COSO risk management process.

Thus, scientific studies consider various approaches to supply risk management;
however, there is no comprehensive system for their quantitative assessment. This
necessitates the development of an integrated methodological approach to assessing
international supply risks. Developing such a system will ensure more informed managerial
decision-making and enhance enterprises' adaptability to external challenges. In addition, the
integral assessment will contribute to increasing the transparency of supply processes and
aligning them with the principles of sustainable development.

Task Statement. The purpose of this study is to identify the components and indicators
of international supply risks, based on which an integral assessment of the effectiveness of
international supply risk management can be carried out. The study is aimed at forming a
system of indicators that most comprehensively reflect the supply process under globalization
challenges, as well as at their structuring according to the relevant components.

Results. Within the framework of a comprehensive assessment of international supply
risks of enterprises, we propose to identify the following components: economic,
organizational and managerial, technological, logistical, environmental and social, and
geopolitical. The components and indicators for assessing international supply risks of
enterprises under globalization challenges can be graphically represented using an indicator
tree (Fig. 1). The economic component ensures the financial stability of supply processes,
financial resource efficiency (cost reduction), and reflects the level of enterprise dependence
on suppliers or specific resources.
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International Supply Risk Indicator Tree

Component 1 Component 2 Component 3 . Component N
| | | |
Component 1 Component 2 Component 3 Component n
assessment assessment assessment assessment
indicators: indicators: indicators: indicators:
1. 1. 1. 1.
2. 2. 2. T 2.
3. 3. 3. 3.
n n n n

Fig. 1. International Supply Risk Indicator Tree of enterprises in the context of globalization
challenges

(Notation: N — the number of component indicators of international supply risks; n — the
number of indicators of international supply risks).
Source: author’s own development.

The organizational and managerial component ensures the effectiveness of management
through interaction with suppliers and forms the quality of relationships with partners, etc.
The technological component ensures supply processes through technological equipment,
automation, digitalization, and the reliability of information systems in order to establish
partnership relations in the field of international supply. The logistical component ensures the
timeliness of deliveries, reliability of routes, and the level of losses or delays in the
international supply process.

The environmental and social component ensures compliance of supply processes with
international environmental standards, the level of social responsibility of suppliers, as well as
the impact of logistics and production processes on the environment and society. The
geopolitical component reflects the influence of external environment factors on supply
processes and also demonstrates the stability of partner countries, trade restrictions, sanctions,
and other external risks.

The formation of components involves the development of a system of indicators for
assessing international supply risks of enterprises under globalization challenges. The set of
defined components and indicators will serve as the basis for forming an integral indicator for
assessing international supply risks of enterprises. This, in turn, will act as a key tool for
determining the level of risks and substantiating measures for their prevention and
minimization.

The economic component includes the following indicators [3, 8]:

- share of lost customers (%);

- resource dependence;

- share of logistics costs (%);
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- level of financial dependence on one supplier (%);

- exchange rate risk changes (for import supplies).

Share of lost customers (I,,) — shows the loss of customers due to problems in the
supply process, in particular due to delays or non-compliance with cooperation terms.

Ly = %/7 «100%, 1)

where Z,, — number of lost customers; Z, — total number of customers.
Resource dependence (R,) — shows the level of enterprise dependence on suppliers or
specific resources, which may affect changes in cooperation conditions.

R, =%/, @)

where Q, — volume of resources from one supplier; Q, — the total volume of resources
received by the enterprise. The indicators can be measured in physical units (tons, kg) and
monetary units (UAH, USD, EUR).

If R, is equal to 1, then the dependence is very high;

R, < 0,3-0,4, allowed level of dependency;

R, = 0,5, potential risk of supplier dependency.

In addition, resource dependence can be calculated using the Herfindahl-Hirschman
index due to supplier concentration [7]:

Rz = ?=1Si2! (3)
where S; — each supplier's share in the enterprise; n — total number of suppliers in the
enterprise; i —serial number of suppliers.

Share of logistics costs (L,) — shows the efficiency of an enterprise in the supply
process through the level of costs for transportation, storage, and support of material flows
within the overall cost structure, as well as reflects the rationality of logistics process
organization and the degree of influence of logistics risks on enterprise activities.

L, = "5/, * 100 %, 4)
zZ

where V; — total logistics costs of the enterprise.; V, — total company expenses.

Level of financial dependence on one supplier (E,) — shows the share of financial costs
attributable to one supplier and reflects the risk of enterprise dependence on cooperation
conditions, pricing policy, or a single reliable supplier.

E="/, ©)

where C, is the amount of expenses from one supplier; Cz is the total purchasing costs
from all suppliers in the enterprise.

Exchange rate risk changes (for import supplies) (K,) — shows the level of influence of
exchange rate fluctuations on the cost of imported purchases, as well as the degree of
financial instability of the enterprise's expenses due to changes in the currency environment.

K, — K
Kp ="t "0/ %100 %, (6)

where K; — exchange rate at the time of calculation.; K, — exchange rate at the time of
conclusion of the contract. The change in exchange rate risks is determined as the relative
deviation of the exchange rate or the actual costs of import supplies from their planned value
and reflects the sensitivity of enterprise costs to currency fluctuations.

The organizational and managerial component includes the following indicators [8]:

- number of contract violations (%);

- average time for agreeing on changes in orders;
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- frequency of supplier changes.

Number of contract violations (Q,) — shows the level of unreliability and discipline in
the fulfillment of contractual obligations by suppliers, as well as reflects the frequency of
deviations from the agreed cooperation terms (delivery deadlines, volumes, quality, etc.),
which may indicate an increased risk in the enterprise’s supply system.

0, = QP/QZag*loo %, )

where @, — number of violations recorded in the supply process; Q.4 — total number of
deliveries.

Average time for agreeing on changes in orders (T;) — shows the efficiency and
effectiveness of the enterprise's interaction with suppliers in the process of making changes to
the terms of the order, and also reflects the flexibility of the supply system and the ability to
quickly respond to internal and external changes.

n
T, = 2=t/ (8)

where t; — time to agree on changes for each delivery, n — total number of changes
made.

Frequency of supplier changes (S,) — shows the level of stability of the company's
supplier base, as well as the intensity of supplier rotation, which may indicate the presence of
risks in cooperation (unreliability, change of conditions, search for more profitable
alternatives).

N
S, ="m Nyoy 9)

where N, — number of supplier changes over a certain period; N,,, — total number of
suppliers.

The technological component includes the following indicators [3]:

- the level of automation of supply processes;

- the compatibility of IT systems with suppliers;

- the level of cyber risks in the supply chain;

- the level of use of ERP/SCM systems.

The level of automation of supply processes (R,) — shows the level of application of
information technologies and digital systems in the performance of supply operations, which
contributes to increasing the speed, accuracy and efficiency of logistics process management:

Re="0/y. (10)

where N, — number of automated supply processes; N,— total number of supply
processes.

The compatibility of IT systems with suppliers (S,) shows the level of technical and
functional consistency of the enterprise's information systems with suppliers' digital
platforms, which ensures effective data exchange, integration of business processes and
continuity of interaction in supply chains.

N:
Sp ="y (11)

where N;,; — number of suppliers with whom automated supply processes have been
agreed; N,,4 — total number of suppliers.

The level of cyber risks in the supply chain (R)) — shows the likelihood and potential
impact of cyber threats (hacks, data leaks, cyberattacks, IT system failures) on the functioning
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of the supply chain, which can lead to information security breaches, supply disruptions and
financial losses.
R, = PxI, (12)
where P — probability of occurrence; | — probability of occurrence.

The level of use of ERP/SCM systems (Rgrp) shows the level of implementation and
intensity of use of corporate information systems for enterprise resource management (ERP)
and supply chain management (SCM), which ensure the integration of business processes,
automation of operations and increased efficiency of supply management.

— NERP
RERC B /Ntotal’

(13)

where Nggp- — number of processes supported by ERP/SCM; N;,;q; - total number of
processes

The logistics component includes the following indicators [1, 5, 8]:

- average delivery time;

- share of delivery delays (%);

- reliability of transport routes;

- influence of geopolitical factors on routes.

The average delivery time (T4) characterizes the speed and efficiency of logistics

operations, reflecting the effectiveness of transportation management and order fulfilment
processes.

i
=it
Td — Zl_] dos KZ’ (14)

where t;,s — the sum of the delivery time of all orders; K, — number of delivered orders.
Share of delivery delays (P,) characterizes the level of unreliability and instability of
delivery performance, i.e. the frequency of cases when deliveries are made later than planned.

p="r Zt/Qzag’ (15)

where P,. — number of recorded delayed deliveries; Q4,4 — total number of deliveries.

Reliability of transport routes (M,,) characterizes the stability and predictability of cargo
delivery along specified routes, i.e. the ability to ensure timely, safe and uninterrupted
transportation without delays, failures or losses.

My =" Quag (16)

where P, — number of deliveries completed on time; Q,,, — total number of deliveries.
Influence of geopolitical factors on routes (F,;) — characterizes the level of dependence

of transport and logistics routes on the political situation in the world, in particular
international relations, conflicts, sanctions, customs policy and regulatory restrictions.

B= 2o )

where Q,,, — number of routes that have undergone changes; Q,, — total number of
routes.

The environmental and social component includes the following indicators [2, 12]:

- the level of CO, emissions in the supply chain;

- the share of environmental certificates (1SO 14001, etc.);

- compliance with social standards (labor, human rights).
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The level of CO, emissions in the supply chain — shows the total amount of greenhouse
gases (in terms of CO,) generated at all stages of the movement of goods: from production
and storage to transportation and delivery to the end consumer [2].

The share of environmental certificates (E,) characterizes the level of implementation of
environmental management systems in the company or among its suppliers, as well as the
degree of compliance of activities with international environmental standards.

E, = Ns /Ng*lOO%, (18)

where Ny — number of certified partners and suppliers; N, — total number of partners
and suppliers.

Compliance with social standards (D) — characterizes the level of ensuring socially
responsible behavior of the enterprise and its partners in the supply chain, in particular,
compliance with labor rights, safe working conditions, principles of non-discrimination and
protection of human rights [12]. It is advisable to calculate the indicator on an expert scale:

1) 0-0.2 - low level of compliance with social standards;

2) 0.21-0.5 - medium level of compliance with social standards;

3) 0.51-1 - high level of compliance with social standards.

The foreign policy component includes the following indicators [6]:

- level of political risk of the supplier country;

- impact of sanctions;

- stability of trade relations;

- dependence on imports of critical resources.

Level of political risk of the supplier country (R,,) characterizes the level of influence
of the political situation in the country of the supplier's location on the stability, continuity
and reliability of the supply chain. It is advisable to calculate the indicator on an expert scale:
0-0.2 - low political risk; 0.21-0.5 - medium risk; 0.51-1 - high risk.

Stability of trade relations (V;) characterizes the level of reliability and predictability of
economic and trade relations between the enterprise and partner countries or suppliers, as well
as the ability to ensure the continuity of international operations.

=" (19)

where K, — number of consistently executed trade contracts; K, — total number of
contracts.

Dependence on imports of critical resources (R;,) characterizes the level of vulnerability
of an enterprise or supply chain due to the need to use resources that come from external
markets and have limited sources of supply

_ Ny
Riz - /vaa (20)
where N;;, — volume of imported critical resources; N, — total critical resources used.

The identification of components and indicators for assessing international supply risks
made it possible to build a risk tree structured according to a hierarchical principle (Fig. 2).
The first level of the tree is represented by the key components of international supply risks,
in particular: economic, organizational and managerial, technological, logistical,
environmental and social, and foreign policy. The second level is formed in the form of a
system of indicators that detail each of the components and provide the possibility of their
guantitative measurement.
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International Supply Risk Indicator Tree

Economic Organizational Technological Logistics ESG Foreign
component management component component component policy
component component
Indicators: Indicators: Indicators: Indicators: Indicators: Indicators:
1. share of lost 1. number of 1. Level of 3é|iveravteirr$12'e 1. CO || 1. level of
customers: CQHUE}Ct automation of 2 shgre o'f emissions in political ~ risk
2 resource violations; supply deliver the  supply || of the supplier
dependence; 2 average processes; delays %/%)_ chain; o country;
3. share  of time to 2. Compatibility 3 reliabilit 2. availability 2. impact of
logistics costs; approve order of IT systems oi‘ trans 0% of sanctions;
4, level  of changes; with suppliers; foc P environmental 3. stability of
financial 3. frequency of | | 3. Level of cyber | | " certificates; trade
dependence  on supplier risks in the f Intluence 3. compliance relations;
one supplier; changes. supply chain; 0 litical with  social 4. dependence
5. change in 4. Use of geopolitica standards. on imports of
exchange  rate ERP/SCM factors —on critical
risks (for systems routes. resources.
imported
supplies).

Fig. 2. Tree of indicators of international supply risks of enterprises in the context of
globalization challenges
Source: author's own development.

According to the proposed tree of indicators of international supply risks, it is relevant
to form an integral indicator of supply risk assessment. Thus, the integral indicator of
international supply risk assessment (Izp) Will consist of 6 components, namely: economic
(E;), organizational and managerial (O;), technological (Ts), logistical (L), environmental and
social (S) and foreign policy (Z,):

Inp = Es Wy + Og xwy + T w3 + Lg xwy + Sg x ws + Zg * wg, (21)
where w — weighting factor of a specific component.

To increase the reliability and accuracy of the assessment results for the integrated
supply risk indicator, it is necessary to determine weighting factors that reflect the relative
importance of individual risk factors and their impact on the overall risk level [4]. Such
factors make it possible to ensure the objectivity of the assessment, take into account the
specifics of the supply system under study, and increase the validity of management
decisions.

Conclusions. The proposed integrated indicator allows for the generalization of the
impact of heterogeneous factors and provides the possibility of a comparative analysis of the
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level of risks between enterprises. The practical application of the developed approach will
contribute to increasing the efficiency of supply chain management in conditions of
uncertainty and globalization challenges. The proposed assessment system creates the basis
for the timely identification of critical risk areas and the formation of preventive measures to
minimize them. Its use ensures comprehensive consideration of economic, technological,
logistical, environmental, and foreign policy factors that affect the stability of international
supply chains. Prospects for further research lie in improving methods for weighted
evaluation of indicators and adapting the model to the industry specifics of enterprises.
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